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(57) Abstract: A novel Asp-ase activity, referred to as BACE secretase/sheddase, has been found to cleave the ectoddomain of BACE 
after Aspsyp (SQDDi) and Asp407 (WFDi), and likely after Asp45i (PQTDi). The cleavage of BACE by BACE secretase/sheddase 
renders BACE soluble which in turns appears to enhance the generation of the amyloidogenic peptide AP, which has been implicated 
as a major factor in the etiology of Alzheimer' s Disease. The current invention concerns the modulation of this novel BACE secre- 
tase/sheddase activity for such applications as the prevention or treatment of a neurodegenerative disorder that is characterized by 
the generation of AP protein, including Alzheimer's Disease. The invention further comprises a method for the identification of an 
agent that can alter the ability of BACE secretase/sheddase to associate with and process a known substrate, a method of deteraiining 
whether an individual is at risk of developing a neurodegenerative disorder that is characterized by the generation of Ap protdn (such 
as Alzheimer's Disease) and a kit comprising a vessel or vessels containing BACE secretase/sheddase as well as at least one known 
substrate of this enzyme, namely, BACE or BACE fragments, or the indirect substrate pAPP. 
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TITLE OF THE INVENTION 

Secretase / sheddase with Asp-ase activity on the beta-site APP-cleaving 
5 enzyme (BACE, Asp2, memepsin 2) 

FIELD OF THE INVENTION 

The present invention relates to P-secretas§ referred to as the beta-site APP^ 
10 cleaving enzyme (BACE, Asp2, memepsin 2). More specifically, the present 
invention concerns a novel Asp-ase that processes BACE, referred to as BACE 
secretase / sheddase, and the use of this enzyme in the diagnosis, prevention or 
treatment of neurodegenerative disorders, such as Alzheimer's Disease, The present 
invention further comprises the use of BACE secretase / sheddase in a screening assay 
15 for the identification of agents capable of modifying its activity (modulating agents) 
as well as the use of BACE secretase / sheddase in a kit. 

BACKGROUND OF THE INVENTION 

20 

Alzheimer Disease (AD) is a progressive degenerative disorder of the brain 
characterized by mental deterioration, memory loss, confusion, and disorientation. Among 
the cellular mechanisms contributing to this pathology are two types of fibrous protein 
dqjosition in the brain: intracellular neurofibrillary tangles composed of polymerized tau 
25 protein, and abundant extracellular fibrils comprised largely of |3-amyloid (for reviews, see 
1-3). Beta-amyloid, also known as Ap, arises from proteolytic processing of the p-amyloid 
precursor protein (PAPP) at the and y-secretase cleavage sites. The cellular toxicity and 
amyloid-forming capacity of the two mq'or forms of Ap (Ap4o and especially AP42) have 
been well documented (1-3). 

30 
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An altOTiative anti-amyloidogenic cleavage site performed by a-secretase is located 
within the Ap peptide sequence of pAPP and thus precludes formation of intact insoluble 
Ap. Cleavage by a-secretase within the |HisHisGlnLys>l'LeuVal] sequence of pAPP is the 
major physiological route of maturation. The products of this reaction are a soluble 1 00-120 
kDa N-temiinal fragment (pAPPsa) and a C-terminal membrane-bound ~9 kDa segment 
(C83). In sevCTal recent r^rts, metalloproteinases such as ADAM9, 10 and 17 were 
shown to be involved in the a-secretase cleavage of PAPP (4-6). Bnzymes within this 
family are typically synthesized as inactive 2ymogens that subsequently undergo 
prodomain cleavage and activation in the trans Golgi network (TGN). To date, several of 
the ADAMs have been shown to be activated in a non-autocatalytic manner by other 
enzymes such as the proprotein convertases (PCs) (7). Thus, it is conceivable that such 
enzymes may participate in a cascade leading to the activation of a-secretase. In support of 
this proposal, it has been recently demonstrated that inhibition of PC-lilce en2ymes in 
HK293 cells by the al-antitrypsin serpin variant al-PDX (8) blocks the a-secretase 
cleavage of pAPPgw (9). Correspondingly, overexpression of a PC (e.g., PC7) inoreases a- 
secretase activity. Of the above-mentioned candidate a-secretases, ontogeny and tissue- 
e?cpression analyses suggest that, in adult human and/or mouse brain neurons, ADAMIO is 
a more plausible a-secretase than ADAM17 (10). 

The amyloidogenic pathway of pAPP processing begins with p-secretase. This 
enzyme(s) generates the N-termiiius of Ap by cleavmg pAPP within the 
GluValLysMet4'AspAla sequence (SEQ ID NO:l), or by cleaving the Swedish 
mutant PAPPsw vv^ithiii the GluValAsnLeuJ^AspAla sequence (SEQ ID NO :2). In 
addtion, some cleavage was reported to occur within the Ap sequence 
AspSerGlyTyrioJ-GlunVal (SEQ ID NO :3) generating APi mo/42 (H)* Very recently, 
five different groups simultaneously reported the isolation and initial characterization 
of two novel human asparty] proteinases, BACE (11-15) and its closely related 
homologue BACE2 (14,15). BACE appears to fulfill all of the criteria of being a p- 
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secretase. While in vitro cleavage specijScity analyses of BACE and BACE2 did not 
reveal clear consensus recognition sequences (1 1,15) they did lead to the development 
of novel modified statine inhibitors (13). Comparative modeling of the three- 
dimensional structure of BACE as a complex with its substrate suggested that BACE 
5 would preferentially cleave substrates having a negatively charged residue at P T and- a 
hydrophobic residue at PI (16), which is the case for the p-secretase site in PAPP, 
pAPPsw and in the generation of the APimo peptide. Both BACE and BACE2 are 
type-I membrane-bound proteins with a prodomain that, at least for BACE (12), is 
rapidly cleaved intracellularly. However, little else is known about the mechanism of 

10 zymogen processing of these enzymes, including whether their activation is 
autocatalytic or carried out by other enzymes. Recent data derived jfrom BACE 
overexpressed in bacteria (15) suggested that zymogen processing of the prosegmenf s 
R42LPR454< site, which is reminescent of PC-cleavage sites (7), is not autocatalytic; 
rather it is effected by anottier proteinase(s). Finally, developmental analysis of the 

15 comparative tissue expression of mouse BACE and BACE2 suggested that BACE, but 
not BACE2, is a good candidate p-secretase in the brain (10). 

The second step in the amyloidogenic pathway of pAPP maturation involves 
cleavages at the y-secretase sites (ValVal>l^IleAla>l^ThrVal) (SEQ ID NO :4) to 

20 generate either Ap4o or AP42. Recently, in neuronal N2a cells, Ap4o was shown to be 
produced within the TGN and subsequently packaged into post-TGN secretory 
vesicles, suggesting that the TGN is the major intracellular compartment within which 
fee Ap4o-specific y-secretase is active (17). Althougji some insoluble, N-terminally 
truncated Apx^2 originates in the endoplasmic reticulum (ER), AP42 and AP40 are 

25 formed primarily in the TGN which comprises the major source of the constitutively 
secreted pool of AP that is deposited as extracellular amyloid plaques. Moreover, the 
generation of either peptide requires that PAPP or its membrane-bound, p-secretase 
cleavage product C99, passes at least once through endosomal compartments (18). 
Thus, pAPP trafficking to or retention in particular cellular compartments may 
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critically influence its processing. While the identification of the y-secretase(s) has not 
yet been conclusively established (18), some r^orts have suggested that presenilins 
are possible candidates (19). 

5 SUMMARY OF THE INVENTION 

In the studies leading to the current invention, PCs were investigated to 
determine whether they are responsible for the cleavage of the prosegment of BACE, 
as well as the consequences of blocking this maturation. In addition, several post- 
10 translational modifications of BACE and their possible influence on the processing of 
pAPP and the generation of amyloidogenic Ap peptides were exanodned. 

The research data obtained indicate that compared to similar levels of 
expression of fiill length BACE, expression of a soluble form of beta-APP converting 

15 enzyme (BACEs), prepared by deleting the transmembrane domain and cytosolic tail, 
results in a very significant increase in the levels of Ap peptide produced firom the 
Swedish mutant of APP, In contrast, overexpression of full-length BACE (BACEp) in 
HK293 cells causes a significant iticrease in C99. In fact, evidence for BACE C- 
teraiinal proteolytic cleavage / shedding is provided, as shown by the detection of 

20 apparent 34, 15, 1 1 and 6 kDa BACE firagments (Fig. 5C, Fig. 7, Fig. 8, Fig. 10, Fig. 
1 1), and BACE shed into the media (Fig. 9). Therefore, BACEp is transformed into C- 
terminal truncated forms similar to BACEs. 

A unique C-terminal proteolj^c cleavage of BACE by a novel Asp-ase 
25 activity (referred to as BACE secretase / sheddase activity) has been identified. 
Recent data on the characterization of the nature of BACE C-tOTnmal cleavage 
reveals this novel BACE secretase / sheddase activity. Since truncation of BACE 
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leads to increased Ap production, BACE secretase / sheddase is an attractive target to 
modulate for medicinal and research purposes. 

The current invention concerns the modulation of this novel BACE secretase / 
5. sheddase activity for such applications as the prevention or treatment of a 
neurodegenerative disorder that is characterized by the generation of AP protein, 
including Alzheimer's Disease. The invention further comprises a method for the 
identification of an agent that can alter the ability of BACE secretase / sheddase to 
associate with and process a known substrate, a method of determining whether an 
10 individual is at risk of developing a neurodegenerative disorder that is characterized 
by the generation of Ap protein (such as Alzheimer's Disease) and a kit comprising a 
vessel or vessels containing BACE secretase / sheddase as well as at least one known 
substrate of this enzyme, namely, BACE or BACE firagments, or the indirect substrate 
pAPP. 

15 An object of the present invention is therefore the inhibition of Ap plaque 

fom:iation in such neurodegenerative disorders as Alzheimer's Disease througji the 
modulation of the newly-identified BACE secretase / sheddase activity in order to 
treat and/or prevent the progression of this disease. 

20 A further object of the present invention is to make use of the newly-identified 

BACE secretase / sheddase activity iii a screening assay, in a diagnostic assay for 
neurodegenerative disorders characterized by the generation of Ap protein (such as 
Alzheimer's Disease) and in a kit 



25 
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DESQUPTION OF THE DRAWINGS 

Figure 1: HK293 cells were transiently co-transfected with eitiier ([BACEfJfga^s + 
5 BDNF) [control, CTL] (A,C) or ([BACEfJfg/vs + al-PDX) (B,D) cDNAs. Two days 
post-transfections the cells were pulse-labeled in the absence or presence of 5 niM 
BFA for 15 min with [^^S]Met and then chased for 1 or 2h. Cell lysates were 
immunoprecipitated with either the FG or V5 mAbs and analysed by SDS-PAGE on 
8% triciae gels. The migration position of the 53 kDa molecular mass standard and 
1 0 those of proBACE (pBACE) and B ACE are emphasized. 

Figure 2: [A] HK293 cells were transiently co-transfected with cDNAs coding for 
either ([BACEf]fga^5 + BDNF) [control, CTL], ([BACEf-R45A]fg/v5 + BDNF) or 
([BACEf-R42A]fga^5 + BDNF) or ([BACEf]fg/v5 + either al-PDX, the prosegments 

15 of furin, PCS, PC7, SKI-1, furin-mntated (a2M-F) or wild type (a2M) a2- 
macroglobulin. The cells were pulse-labeled for 20 min with [^^S]Met and then 
chased for 90 min. Cell lysates were immunoprecipitated with the FG mAb and 
analysed by SDS-PAGE on 8% tricine gels. [B] HK293 cells were transiently co- 
transfected with cDNAs coding for either ([BACEf]fga^5 + BDNF) [CTL], 

20 ([BACEf3fga^5 + fiirin) or ([BACEfJfga's + al-PDX). The cells ware then pulse- 
labeled for 2h with Na2[^^S04]. Cell lysates were immunoprecipitated with the FG or 
V5 nxA.bs and analysed by SDS-PAGE on 8% tricine gels. (The higher apparent size 
of BACEg in the CTL lane compared to the furin lane is due to end-lane distortion.) 
The migration positions of those proBACE in the ER (pB ACEer) or Golgi (pB ACEg) 

25 are emphasized. 

Figure 3: Western blot analysis of l-4h in viti-o processing of wild type (WT) 
[proBACEs]FGA^5 or the (R45A) mutant [proBACEs-R45A]FGA^5 by either furin, PCS- 
A, PACE4 or PC7 in the absence or presence of 1 p.M of PC-prosegments (pPCs). 
30 Flag-M2 (FG) or V5-HRP monoclonal antibodies were used. 
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Figure 4: [AJ HK293 cells were transiently transfected with cDNAs coding for either 
[BACEf]fg, [BACEf-Ap]fg or [BACEs]v5- The cells were pulse-labeled for 20 min (-) 
with [^^S]Met and tlien chased for Ih or 2h. Cell lysates and media (for BACEs) were 
immunoprecipitated with the FG or V5 mAbs and analysed by SDS-PAGE on 8% 
5 tricine gels. [B] HK293 cells were transiently transfected with [BACEs]v5 cDNA. The 
cells were then pulse-labeled for 2h with Na2[^^S04]. Cell lysates were 
immunoprecipitated with the V5 mAb. Equal aliquots of SDS-PAGE-purified proteins 
were then digested overnight at 37^C with 5 mU of either endoH or endoF (Glyko 
Inc.) or 80 mU of arylsulfatase (ASase; Sigma). The products were analysed by SDS- 
10 PAGE on 8% tricine gels. [CJ HK293 cells were transiently transfected with cDNAs 
codmg for either [BACEf]fg, [BACEf-C482,485A]fg, [BACEf-C478,482,485A]fg, 
[BACEf-Ap]fg or [BACEsjvs. The cells were pulse-labeled for 2h with [^HJpalmitic 
acid. Cell lysates were immunoprecipitated with FG or V5 (for BACEs) mAbs and 
analysed by SDS-PAGE on 8% tricine gels. 



Figure 5: HK293 cells were transiently transfected with cDNAs coding for either 
[A,B] (BDNF + PAPPsw) [CTL] or ([BACEf]fg + pAPPsw), [C] [BACEf]fg or 
[BACEsIfg. The cells were pulse-labeled for 3h with [^^S]Met at either 37°C in the 
absence or presence of 90 ixM BFA or 250 nM bafilomycin or at 20''C. Cell lysates 
20 were inununoprecipitated with either [A] tlie FG mAb or [B] the 1-16 Ap antibody, 
and analysed by SbS-PAGE on 8% tricine gels. [C] FG antibody, and analysed by 
SDS-PAGE on 8% tricine gels. The arrowhead point to an ~6 kDa intracellular stub of 
BACEf- 

25 Figure 6: HK293 cells were transiently co-transfected with cDNAs coding for 
(pAPPsw + BDNF) [-], or PAPPs^v together with either [BACEs]v5, [BACEf]fg, 
[BACEf-D93 A]fg, [BACEf-R45A]fg, or [BACEf-ApJfg. The cells were pulse-labeled 
for 3h with [^^S]Met. The cell lysates [A] or media [B,C] were immunoprecipitated 
[A,C] with the 1-16 Ap antibody, and in [B] with the 1-40 Ap antibody (A8326), and 



15 
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analysed by SDS-PAGE on 8% [A,C] or 14% [B] tricine gels. The migration 
positions of C99, Ap, Apx^o APPs and APn^o known as p3 (generated by a- and 
secretases) are shown. 



5 Figure 7: HK293 cells were transiently transfected with cDNAs coding for either 
[BACEf]fg or an empty pIRES vector [control, CTL]. Following a 4 hr pulse with 
^^S-Met cell lysates were immunoprecipitated with FG antibodies, denatured in the 
presence [reduced] or absense [non-reduced] of 2-mercaptoethanol and subsequently 
analysed by SDS-PAGE on 8% tricine gels. The arrow heads point to appar^t 
10 BACEf cleavage products of 34, 15, 1 1 and 6 kDa. The exposure time was 8 hours. 

Figure 8: [AJ Neuro 2a APPsw cells were transiocitly transfected with cDNA for 
[BACEF>a. Cells were labeled with ^^S-Met for 3 hrs in the absence DMSO 
control) or presence of 100 uM of a substrate based y-secretase inhibitor (+ y-sec I, 
15 DFK-167 Enzyme Systems products). Cell lysates were immunoprecipitaed with FG 
antibodies, reduced and analyzed by SDS-PAGE on 8% tricine gels. Cell lysates [B] 
and media [C] were immunoprecipited with antibody APP7 11-03 and analyzed by 
SDS-PAGE on 8% tricine gels. [D] Media was immunoprecipited with the 1-40 Ap 
antibody and analyzed on a 14% tricine gel. The exposure time was 3 days. 

20 

Figure 9: Neuro 2a APPsw cells were transiently transfected with cDNAs for 
[BACEf]fg, [BACEs]v5, or the pIRES control [CTL]. Media and cells were analyzed 
by inamimoprecipitation with an antibody to BACE ( BACE 41 - Research Genetics, 
described in Materials and Methods) following a 3 hr chase with ^^S-Met The SDS- 
25 PAGE 8% tricine gels were exposed to film for 5 hrs. The positions of BACEs in the 
media, and the cellular 34 and 15 kDa bands are indicated. 

Figure 10: HK293 cells were transiently transfected with cDNA for [BACEf]fg. 
Cells were labeled with ^^S-Met or ^H-Phenylalanine for 3 hrs as indicated. Following 
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immunoprecipitation with FG antibodies, the 15 kDa BACE fragment (see Fig. 7) was 
purified by preparative SDS-PAGE and extracted. Radiosequencing was performed as 
described under Materials and Methods. The amino acid sequence of BACE starting 
at Gb355 and encompassing the N-tenninus of the 15 kDa BACE fragment is shown. 



Figure 11: HK293 cells were transiently transfected with cDNA for [BACEf]fg. . 
Cells were labeled with ^H-Phenylalanine for 3 hrs as indicated. Following 
immunoprecipitation with FG antibodies, the 11 kDa BACE fragment (see Fig. 7) was 
purified by preparative SDS-PAGE, extracted and radiosequencing was performed. 
10 The amino acid sequence of BACE starting at Met394 and encompassing the 
teraiinus of the 1 1 kDa BACE fragment is shown. 

DETAILED DESCRIPTION 

15 

In order to provide a clear and consistent uaiderstanding of terms used in the 
present description, a number of definitions are provided hereinbelow. 

Unless defined otherwise, the scientific and technological terms and 
20 nomenclature used herein have the same meaning as commonly understood by a 
person of ordinary skill to which this invention pertains. Generally, the procedures 
for cell cultures, infection, molecular biology methods and the like are common 
methods used in the art. Such standard techniques can be found in reference manuals 
such as for example Sambrook et al. (1989, Molecular Cloning - A Laboratory 
25 Manual, Cold Spring Harbor . Laboratories) and Ausubel et al. (1994, Current 
Protocols in Molecular Biology, Wiley, New York). 

Polymerase chain reaction (PGR) is carried out in accordance with known 
techniques. See, e.g., U.S. Pat. Nos. 4,683,195; 4,683,202; 4,800,159; and 4,965,188 
30 (the disclosures of all three U,S, Patent are incorporated herein by reference). In 



5 
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general, PGR involves, a treatment of a nucleic acid sample (e.g.^ in the presence of a 
heat stable DNA polymerase) under hybridizing conditions, with one oligonucleotide 
primer for each strand of the specific sequence to be detected. An extension product 
of each primer which is synthesized is complementary to each of the two nucleic acid 
5 strands, with the primers sufficiently complementary to each strand of the specific 
sequence to hybridize therewith. The extension product synthesized fi-om each primer 
can also serve as a template for further synthesis of extension products using the same 
primers. Following a sufficient number of rounds of synthesis of extension products, 
flie sample is analyzed to assess whether the sequence or sequences to be detected are 
10 present Detection of the amplified sequence may be carried out by visualization 
following EtBr staining of the DNA following gel electrophores, or using a detectable 
label in accordance with known techniques, and the like. For a review on PGR 
techniques (see PGR Protocols, A Guide to Methods and Amplifications, Michael et 
al. Eds, Acad. Press, 1990), 

15 

As used herein, the terai "gene" is well known in the art and relates to a 
nucleic acid sequence defining a single protein or polypeptide. A "structural gene" 
defines a DNA sequence which is transcribed into RNA and translated into a protein 
having a specific amino acid sequence thereby giving rise to a specific polypeptide or 
20 protein. It will be readily recognized by the person of ordinary skill, that the nucleic 
acid sequence of the present invention can be incorporated into anyone of numerous 
established kit formats which are well known in the art. 

The terai "vector^' is commonly known in the art and defines a plasmid DNA, 
25 phage DNA, viral DNA and the like, which can serve as a DNA vehicle into which 
DNA of the present invention can be cloned. Numerous types of vectors exist and are 
well known in the art. 
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The term "expression" defines the process by which a gene is transcribed into 
mKNA (transcription), the mRNA is then being translated (translation) into one. 
polypeptide (or protein) or more. 

5 The terminology "expression vector" defines a vector or vehicle as described 

above but designed to enable the expression of an inserted sequence following 
transformation into a host The cloned gene (inserted sequence) is usually placed 
under the control of control element sequences such as promoter sequences. The 
placing of a cloned gene under such control sequences is often referred to as being 
10 operably linked to control elements or sequences. 

The DNA construct can be a vector comprising a promoter that is operably 
linked to an oligonucleotide sequence of the present invention, which is in turn, 
operably linked to a heterologous gene, such as Hie gene for the luciferase reporter 

15 molecule. "Promoter" refers to a DNA regulatory region capable of binding directly 
or indirectly to RNA polymerase in a cell and initiating transcription of a downstream 
(3' direction) coding sequence. For purposes of the preset invention, the promoter is 
bound at its 3' terminus by the transcription initiation site and extends upstream (5* 
direction) to include the minimum number of bases or elements necessary to initiate 

20 transcription at levels detectable above background. Within the promoter will be 
foimd a transcription initiation site (conveniently defined by mapping with SI 
* nuclease), as well as protein binding domains (consensus sequences) responsible for 

the binding of RNA polymerase. Eukaryotic promoters will often, but not always, 
contain "TATA" boxes and "CCAT" boxes. Prokaryotic promoters contain -10 and - 

25 35 consensus sequences, which serve to initiate transcription and the transcript 
products contain Shine-Dalgamp sequences^ which serve as ribosome binding 
sequences during translation initiation. 
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As used herein, the terms ''molecule", "compound'*, "agent" or "ligand" are 
used interchangeably and broadly to refer t6 natural^ synthetic or semi-synthetic 
molecules or compounds* The term "molecule" therefore denotes for example 
chemicals, macromolecules, cell or tissue extracts (from plants or animals) and tihie 
5 like. Non limiting examples of molecules include nucleic acid molecules, peptides, 
antibodies, carbohydrates and pharmaceutical agaits. The agents can be selected and 
screened by a variety of liieans including random screening, rational selection and by 
rational design using for example protein or ligand modeling methods such as 
computer modeling. As will be understood by the person of ordinary skill, 

10 macromolecules having non-naturally occurring modifications are also within the 
scope of the term "molecule". For example, peptidomimetics, well known in the 
pharmaceutical industry and generally referred to as peptide analogs can be generated 
by modeling as mentioned above* Similarly, in a preferred embodimrat, the 
polypeptides of the present invention are modified to enhance their stability. It should 

15 be understood that in most cases this modification should not alter the biological 
activity of the interaction domain. 

As used herein, the term 'TBACE fragments" refers to stretches of BACE 
amino acid sequence that contain the BACE secretase / sheddase cleavage sites 
20 defined more particularly below. 

As used herein, agonists and antagonists of BACE sheddase / secretase 
interaction (discussed further below) also include potentiators of known compoxmds 
with such agonist or antagonist properties. In one embodiment, agonists can be 
25 detected by contacting the indicator cell with a compound or mixture or library of 
molecules for a fixed period of time is then determined. 

Eti general, techniques for preparing antibodies (including monoclonal 
antibodies and hybridomas) and for detecting antigens using antibodies are well 
30 known in the art (Campbell, 1984, In "Monoclonal Antibody Technology: 
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Laboratory Techniques in Biochemistry and Molecular Biology", Elsevier Science 
Publisher, Amsterdam, The Netherlands) and in Harlow et al», 1988 (in: Antibody- A 
Laboratory Manual, CSH Laboratories). The present invention also provides 
polyclonal, monoclonal antibodies, or humanized versions thereof, chimeric 
5 antibodies and the like which inhibit or neutralize their respective interaction domains 
and/or are specific thereto. 

From the specification and appended claims, the term therapeutic agent should 
be taken in a broad sense so as to also include a combination of at least two such 

10 therapeutic agents. Further, the DNA segments or proteins according to the present 
invention can be introduced into individuals in a number of ways. For example, 
neuronal cells can be isolated firom the afflicted individual, transformed with a DNA 
constmct according to the invention and reintroduced to the afflicted individual in a 
number of ways, including intravenous injection. Alternatively, the DNA construct 

15 can be administered directly to the afiElicted individual, for example, by injection in 
the bone marrow. The DNA constmct can also be deKvered through a vehicle such as 
a liposome, which can be designed to be targeted to a specific cell type, and 
engineered to be administered through diJBTerent routes. 

20 For administration to humans, the prescribing medical professional will 

ultimately determine the appropriate form and dosage for a given patient, and this can 
be expected to vary according to the chosen therapeutic regimen (e.g. DNA construct, 
protein, cells), the response and condition of the patient as well as the severity of the 
disease. 

25 

Composition within the scope of the present invention should contain the 
active agent (e.g. fusion protein, nucleic acid, and molecule) in an amount effective to 
achieve Hie desired therapeutic effect while avoiding adverse side effects. Typically, 
the nucleic acids in accordance with the present inveiition can be administered to 
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mammals (e.g. humans) in doses ranging from 0.005 to 1 mg kg of body weight 
per day of the manmial which is treated. Pharmaceutically acceptable pr^arations 
and salts of the active agent are within the scope of the present invention and are well 
known in the art (Reioaington's Pharmaceutical Science, 16th Ed., Mack Ed.). For the 
5 administration of polypeptides, antagonists, agonists and the like, the amoimt 
administered should be chosen so as to avoid adverse side effects. The dosage will be 
adapted by the clinician in accordance with conventional factors such as the extent of 
the disease and different parameters from the patient. Typically, 0.001 to 50 
mg/kg/day will be administered to the mammal. 

10 

The invention provides efficiCTit methods of identifying pharmacological 
agents or lead compounds for agents capable of mimicking or modulating BACH 
secretase / sheddase function and preventing the production of the Ap peptide. 
Identified reagents jSnd use in the pharmaceutical industries for animal and human 
15 trials; for example, the reagents may be derived and rescreened using in vitro and in 
vivo assays to optimize activity and nfiinimize toxicity for pharmaceutical 
development. 

Agents that could be used to manipulate the function of BACE secretase / 
20 sheddase include specific antibodies that can be modified to a monovalent form, such 
as Fab, Fab', or Fv, specifically binding oligopeptides or oligonucleotides and most 
preferably, small molecular weight organic receptor agonists. See, Harlow and Lane 
(1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Laboratory, for general 
methods. Anti-idiotypic antibody, especially internal iinaging anti-ids are also 
25 prepared using the disclosures herein. 

Other prospective BACE secretase / sheddase specific agents are screened 
from large libraries of synthetic or natural compounds. For example, niunerous means 
are available for random and directed synthesis of saccharide, peptide, and nucleic 
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15 • 



• 



acid based compovinds. Alternatively, libraries of natural compounds in the form of 
bacterial, fungal, plant and animal extracts are available or readily, producible. 
Additionally, natural and synthetically produced libraries and compounds are readily 
modified through conventional chCTCiical, physical, and biochemical means. See, e.g. 
5 Houghten et al. and Lam et al (1991) Nature 354, 84 and 81, respectively, and Blake 
and Litzi-Davis (1 992), Bioconjugate Chem 3,510. 

The utility of agents affecting B ACE secretase / sheddase function are identified with 
assays employing the lead compound of interest and testing its effect on A^ 
10 production either in the absence or the presence of pAPP. For example, a method for 
identifying an agent that can alter the ability of BACE secretase / sheddase to 
associate with and process a known substrate might comprise the following: 



The method relies on the activity of BACE secretase / sheddase in the presence of at 
least one direct substrate for this enzyme, namely BACE or BACE fi'agments, or in 
25 the presence of the indirect substract |3APP. (PAPP is considered an indirect substrate, 
for BACE seo-etase / sheddase for the following reason : BACB secretase / sheddase 
reacts with BACE or BACE firagments and, if either one of these substrates is suitably 
modified, it can then react with PAPP to generate the amyloidogenic Ap peptide.) 



15 



in a reaction mixture, allowing BACE secretase / sheddase to bind to a 
known substrate of BACE secretase / sheddase in the presence of an 
agent to be tested; and 



20 



measuring the production of BACE C-tenninal cleavage products, shed 
BACE or Ap in the presence of tiie agent to be tested, and comparing 
same under conditions when the agent to be tested is absent from the 
reaction mixture; 
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Useful agents are typically those that bind to and modulate BACE secretase / 
sheddase function, such as those that inactivate either enzyme and prevent the 
formation of Ap. Preferred agents are receptor-specific and do not cross react with 
other neural or lymphoid cell membrane proteins. Useful agents may be found within 
5 numerous chemical classes, though typically they are organic compounds and 
preferably, small organic compounds. Small organic compounds have a molecular 
weight of more than 150 yet less than about 4,500, preferably less than about 1500, 
more preferably, less than about 500. Exemplary classes include peptides, 
saccharides, steroids, heterocyclics, polycyclics, substituted aromatic compoimds, and 
10 the hke. 

Selected agents may be modified to enhance efficacy, stability, pharmaceutical 
compatibiUty, and the like. Structural identification of an agent may be used to 
identify, generate, or screen additional agents. For example, where peptide agents are 
15 identified, they may be modified in a variety of ways as described above, e.g. to 
enhance their proteolytic stabihty. Other methods of stabilization may include 
encapsulation, for example, in liposomes, etc. The subject binding agents axe prepared 
in any convenient way known to those skilled in the art. 

20 For therapeutic uses, agents affecting BACE secretase / sheddase function 

may be administered by any convenient way. Small organics are preferably 
administered orally; other compositions and agents are preferably administered 
parenterally, conveniently in a phaxmaceutically or physiologically acceptable carrier, 
e.g., phosphate buffered saline, or the like. Typically, the compositions are added to a 

25 retained physiological fluid such as blood or synovial fluid. For CNS administration, a 
variety of techniques are available for promoting transfer of the therapeutic across the 
blood-brain barrier including disruption by surgery or injection, dmgs which 
transiently open adhesion contact between CNS vasculature endothelial cells, and 
compounds which facilitate translocation through such cells. 
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As examples, many such therapeutics are amenable to direct injection or 
infiision, topical, intratracheal/nasal administration e.g. through aerosal, intraocularly, 
or within/on implants (such as collagen, osmotic pumps, grafts comprising 
appropriately transformed cells, etc.). A particularly useful application involves 
5 coating, imbedding or derivati2dng fibers, such as collagen fibers, protein polymers, 
etc. with therapeutic peptides. Other useful approaches are described in Otto et at. 
(1989) J Neuroscience Research 2% 83-91 and Otto and Unsicker (1990) J 
Neuroscience 10, 1912-1921. Generally, the amount administered will be empirically 
detemiined, typically in the range of about 10 to 1000 |ig/kg of the recipient. For 
10 peptide agents, the concentration will generally be in the range of about 50 to 500 
[ig/rn1 in the dose administered. Other additives may be included, such as stabilizers, 
bactericides, etc. These additives will be present in conventional amounts. 

For antisense applications where the inhibition of expression is indicated, 
15 especially iiseful oligonucleotides are between about 10 and 30 nucleotides in length 
and include sequences surroimding the disclosed ATG start site, especially the 
oligonucleotides defined by the disclosed sequence beginning about 5 nucleotides 
before the start site and ending about IQ nucleotides after the disclosed start site. 

20 The compositions and methods disclosed herein may be used to effect gene 

therapy. See, e.g. Zhu et al. (1993) Science 261, 209-211; Guiterrez et al. (1992) 
Lancet 339, 715-721. For example, cells are transfected with sequences encoding a 
peptide or ribozyme operably linked to gene regulatory sequences capable of effecting 
altered BACE secretase / sheddase expression, regulation, or ftinction. To modulate 

25 BACE secretase / sheddase expression, regulation, or fimction, target cells may be 
transfected with, complementary antisense polynucleotides. For gene therapy 
involving the grafting/implanting/transfiision of transfected cells, administration will 
depend on a number of variables that are ascertained empirically. For example, the 
number of cells will vary depending on the stability of the transfered cells. Transfer 
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media is typically a buffered saline solution or other pharmacologically accg)table 
solution. Similarly the amount of other administered compositions (e.g. transfected 
nucleic acid, protein, etc.) will depend on the liiaimer of adnMnistration, purpose of 
the therapy, and the like* 

5 

The present invention further comprises a method for determining whether an 
individual is at risk of developing a neurodegenerative disorder that is characterized 
by the generation of AP protein, such as Alzheimer's Disease, Generally, this method 
involves extracting a sarbple tissue or fluid (such as cerebrospinal fluid or blood 

10 platelets) from the individual and determining wheth^ the level of B ACE C-terminal 
cleavage products, shed BACE or Ap protein in the tissue or fluid sample is higher 
than the level in a tissue or fluid sample from a healthy subject, as an indication that 
the individual is at risk for the neurodegenerative disorder. The method relies on the 
activity of BACE secretase / sheddase in ttie presence of at least one direct substrate 

15 for this enzyme, namely BACE or BACE fragments, or in the presence of the indirect 
suhstract PAPP. (pAPP is considered an indirect substrate for BACE secretase / 
sheddase for the following reason : BACE secretase / sheddase reacts with BACE or 
BACE fragments and, if either one of these substrates is suitably modified, it can then 
react with pAPP to generate the amyloidogenic Ap peptide.) 

20 

The present additionally comprises a kit that is suitable for such diagnoses. 
For example, a compartmentalized kit in accordance with the present invention 
includes any kit in which reagaits are contained in separate containers or vessels. 
Such containers include small glass containers, plastic containers or strips of plastic or 
25 paper. SucH containers allow the efiBcient transfer of reagents from one compartment 
to another compartment such that the samples and reagents are not cross- 
contaminated and the agents or solutions of each container can be added in a 
quantitative fashion from one compartment to another. Such containers will include a 
container which will accept the test sample (fluid or tissue) and containers with 
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BACE secretase / sheddase and at least one substrate of tbis enzyme, namely, B ACE 
or BACE fragments, or the indirect substrate pAPP. 

5 MATERIALS AND METHODS 

Mouse BACE and its mutants- Full lengtli mouse BACE (mBACEp) was cloned from 
AtT20 cells by RT-PCR (Titan One-Tube, Boehringer) using the following nested 
sense (S) and antisense (AS) oligonucleotides: Sl= 

10 AAGCCACCACCACCCAGACTTAGG (SEQ ID NO :5); 82=^ 
CrCG^G CTATGGCCCCGGCGCTGCGCTG fXho-I site at 5') (SEQ ID NO :6) and 
AS1= GAGGGTCCTGAGGTGCTCTGG (SEQ ID NO :7); AS2= 
CCTCCTCACTTCAGCAGGGAGATG (SEQ ID NO :8). The final product (1519 
bp) was then completely sequenced and matched with the published stracture (11), 

15 then subcloned into the expression vector pcDNA3.1/Zeo (Invitrogen). In order to 
detect recombinant BACEp, either a V5 (GKPIPNPLLGLDST (SEQ ID NO :9); 
[BACEfJvs) or Flag (DYKDDDDK (SEQ ID NO :10) were added, in phase, by PGR; 
[BACEf]fg) qjitope to the C-temndnal amino acid of the cytosolic tail of mouse 
BACE. A BACEp contruct was also prepared in pIRES2-EGFP (Invitrogen) in which 

20 a FLAG epitope was introduced just after the signal peptide cleavage site (giving the 
sequence GMLPA>IdYKDDDDK-QGTHL. . 0 (SEQ ID NO :1 1) and a V5 epitope 
was at the C-tenninus of the molecule [BACEf]fga^5. Other BACE constructs were 
also prepared including: (1) an active site D93A mutant singly [BACEf-D93 A]fg or 
doubly tagged [BACEf-D93 AJfcsa^s; (2) a prosegment deletion mutant [BACEf-Ap]fo 

25 in which the signal pg>tide ending at Alai9 is fixsed directly to the sequence 
,..,MLPAi9>i<QG-"PRE46TDEE... (SEQ ID NO :12); (3) PC-cleavage site (R42LPR45) 
mutants [BACEf-R45A]fg as well as the double tagged [BACEf-R42A]fga^5 and 
[BACEf-R45A]fga^5; (4) deletion of the prosegment in the active site mutant 
[BACEf-Ap-D93A]fg; and (5) cytosolic tail Cys-mutants, including single [BACEf- 

30 C478A]fg, [BACEf-C482A]fg, [BACEf-C485A]fg, double [BACEf-C482,485A]fg, 
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and triple [BACEF-C478,482,485A]Fa mutants. Soluble fonns of BACE (BACEs) 
were also prepared by deleting the transmembrane domain (TMD) and cytosolic tail 
(CT), leaving the sequence ...TDEST454 (SEQ ID NO :13) followed by a V5 epitope. 
These constructs included [BACEs]v5, [BACEs]fga^5, [BACEs-R42A]fg/V5 and 
5 [BACEs-R45A]FGm. 

Transfections and biosynthetic analyses- All transfections were done on 2-4 x 10^ 
HK293 cells using Effectene (Qiagen) and a total of 1-1.5 ^g of BACE contract 
cDNAs subcloned into the vector pIRES2-EGFP. Two days post-transfection the cells 

10 were washed and flien piilse-incubated for various tirnes with either 200 fiCi/ml of 
[^^S]Met; 400 yJCUmi Na2[^^S04]> [^HJLeu, [^H]Arg, [^Ser; or 1 mCi/ml 
[^H]paimitate (NEN) (20). Pulse-chase ejqperiments with [^^S]Met were carried out as 
previously described (21). Cells were lysed in immunoprecipitatidn buffer [150 mM 
NaCl, 50 mM Tris-HCl pH 6.8, 0.5% 1SIP40, 0.5% sodium deoxycholate and a 

15 protease inhibitor cocktail (Roche Diagnostics). The lysates and media were then 
prepared for immunoprecipitations as reported (22). The monoclonal antibodies used 
were directed against either the FL (Flag-M2; 1:500 dilution; Stratagene) or V5 
(1:1000 dilution; Invitrogen) epitopes. Rabbit polyclonal antisera mcluded those 
directed against aa 1-16 of human AP (produced in laboratory, dilution 1:200); anti-J3- 

20 amyloid, recognizing mostly the C-tenmnal part of Ap40 (A8326, dilution 1:200, 
Sigma); and FCA18, recognizing all p^tides starting with the Asp at the N-tenninus 
of Ap (23). Immunoprecipitates were resolved on SDS-PAGE (either 8% or 14% 
tricine gels) and autoradiographed (21). All PC inhibitor proteins were cloned in 
pcDNAS (Invitrogen), including those of al-PDX (8); the preprosegments of furin, 

25 PC7 (24), PC5 (25), SKI-1 (26,27); and wild type (a2-M) and furin-site mutated (a2- 
MG-F) a2-macroglubulin (28). 

hi vitro assays and Western blotting- Enzymatically active BACE was obtained from 
1 0-20 fold-concentrated media of HK293 cells transiently transfected with the cDNAs 
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of [BACEs]foa^5> [BACEs-R42A]fga^5 or [BACEs-R45A]fga^5. Beta-secretase activity 
was evaluated using a 20 aa synthetic peptide spanning the cleavage site 
(KTEEISEVNLiDAEFRHDSGY) (SEQ ID NO :14) of pAPPsw Reactions were 
carried out using 10-30 pM peptide for 16-18 hrs at 37 °C in 100 pi of 50 mM 
5 NaOAc (pH 4.5), plus 10 pg/ml of leupeptin to inhibit low levels of a non-p-secretase 
proteoljrtic activity. The digestion products, separated and quantitated via RP-HPLC 
TFA/acetonitrile gradient) on a C- 18 column (Vydak), were identified using MALDI- 
TOF mass spectroscopy (Voyager/Perkin Ehner). ProBACE incubations were carried 
out in the same fashion using either [proBACEslrGA^s or [proBACBs-R42A]FGA^5 
10 purified on an anti-FL Ml agarose affinity column (Sigma) according to the 
manufacturer's instructions. Incubations with the peptide comprising the entire 
prosegment of mBACE (THLGIRLPLRSGLAGPPLGLKLPR (SEQ ID NO :15), 10- 
30 pM final concentration) were carried out as for p-secretase activity measurements. 

15 PC-mediated digestions entailed preincubating the various BACE constructs 

for up to 4 h in 50 p.1 of 50 mM Tris-Oac (pH 7.0) plus 2 mM CaCh (and 0.1 % Triton 
X-100 (v/v), for Westem blot analysis of BACE prosegment removal) in the presence 
of media from BSC40 infected with vaccinia virus recombinants of human form, 
PACE4, and mouse PC5-A (29), as well as rat PC7 (30). The activities of the different 

20 PC preparations were estimated according to the initial hydrolysis rates of the 
pentapeptide fluorogenic substrate pERTKR-MCA (SEQ ID NO :16) (29,30). PC 
activity-inhibited controls comprised 4h incubations in the presence of 1 \iM of the 
corresponding purified prosegments of PCs (24,25). Digestions of the PC cleavage 
site-spanning peptide (LGLRLPR>IeTDEESEEPGRRG) (SEQ ID NO :17) by PCs 

25 were carried out as above for the BACE preincubations (except in 100 fiL), whereas 
digestions by BACE were as for P-secretase activity at pH 4.5 or 6.5. Digestion 
products were again quantitated by RP-HPLC and MALDI-TOF mass spectroscopic 
analysis. 
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Western blot analyses of the reaction products were carried out following 10% 
SDS-PAGE using either the FG (1:1000 dilution) or V5-HRP (1:5000 dilution) 
■ monoclonal antibodies (Stratagene). The secondary antibody for FG consisted of anti- 
mouse HRP-coupled IgGs (Boehringer Mannheim). 

5 

Generation of antiserum to human 5y4CE- Monospecific polyclonal rabbit antiserum 
that recognizes the peptide sequence EIARPDDSLEPFFDSLVK (SEQ ID NO : 18) in 
human (NCBI Protein NP_036236) (SEQ ID NO: 19) and mouse BACE (NCBI 
10 P56818) (SEQ ID NO :20) was generated by Research Genetics. The initial 
immunogen was a 393 long jfragment of human BACE (from MVDNLRG to 
OTDESTL) expressed as a C-tOTninal His-tagged protein in a pET-24B vector in 
bacteria BL21(DE3)pLysS (Stratagene). 

15 Radiosequencvtg of 15, 11, 34 and 6 kDa BACE fragments - The SDS-PAGE 
extracted fragments were treated to remove excess salts and SDS and applied on a 
PVDF membrane into an ABI Procise 477 cLC sequencer. The standard program was 
modified for radioactive sequencing, whereby the efQuent was directed to a fraction 
collector. Typically, 20-25 sequencer cycles were collected for each run. 

20 Subsequently, the radioactive counts were quantified on a Beckman sequencer. 

RESULTS 

Biosynthesis and processing of BACE - In order to characterize the 
25 biosynttietic pathway of BAGE and its post-translational modifications, the enzyme 
from the mouse corticotroph cell line AtT20 was cloned. The resultant, fully 
sequenced 1519 bp product corresponded to the published mouse sequence (11). In 
order to detect membriane bound proBACE or BACE, the V5 epitope at the C- 
terminus of the cytosolic tail was used. Alternatively, the N-terminal Flag epitope 
30 (FG) immediately following the signal peptidase cleavage site to specifically detect 
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proBACE was employed. This doubly-tagged, full-length (F) protein [BACEf]fg/v5 
was co-expressed in human kidney epithelial cells (HK293) either with a control 
(CTL) [brain derived neurotrophic factor (BDNF)] or al-PDX cDNA. Two days after 
traixsfection, the cells were pulse-labeled with [^^S]Met for 15 min (PI 5). They were 
5 then chased for Ih or 2h in the presence or absence of the fungal metabolite brefeldin 
A (BFA), which promotes fusion of the cis, medial and trans Golgi (but not the TGN) 
with the ER (31). Cell extracts were immunoprecipitated with either FG or V5 
monoclonal antibodies and analysed by SDS-PAGE (Fig. 1). In the absence of BFA 
and al-PDX at PI 5 (Fig. lA), the FG ^itope reveals a 66 kDa proBACE form that is 

10 gradually transfomied first into a 64 kDa (Clh) and then into a minor 72 kDa (C2h) 
proBACE form. Whereas the 72 kDa form is not apparent in the presence of BFA (the 
major band is visible at 63 kDa), it is greatly enriched in the presence of al-PDX 
^ig. IB). Treatment with endoglycosidases revealed that the 63 and 64 kDa 
proBACE forms are sensitive to both endoH and endoF, whereas the 72 kDa form is 

15 sensitive only to endoF {not shown). These data suggest that the 63 and 64 kDa bands 
' represent immature (likely ER-resident), N-glycosylated proBACE whereas the 72 
kDa form represents mature proBACE. Only in the presence of al-PDX does 
proBACE immunoreactivity accimiulate in the Golgi apparatus. In 
immunoprecipitation experiments employing the V5 epitope, the 2h-chase period 

20 revealed mainly a 68 kDa band (Fig. IC). In the presence of al-PDX (Fig. ID), an 
accumulation of a 72 kDa protein reminiscCTit of proBACE (Fig. IC) was observed. 

N-terminal radiosequencing (26,30) was carried out on SDS-PAGE-purifiied 
immunoprecipitates. The C-tenninally flagged 72 kDa [proBACEpfrG, labeled wifli 
25 [^H]Leu and produced in the preseaace of al-PDX, had a Leu3,7^,i3 sequence (jtot 
shown). This is consistent with the protein starting at Thr22 
(AQG2i>!<T22HLGIRliPLRSGL) (SEQ ID NO :21) which is just after the signal 
peptidase cleavage site (8,9). The corresponding 68 kDa protein, labeled with [^H]Ser, 
revealed a Sere signal {not shown), compatible with the protein being mature BACE 
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obtained following rocnoval of the prosegment (aa 22-45) at the 
RLPR45>I^E46TDEESEE sequence (SEQ ID NO :22). 

In order to determine whether a proprotein convertase(s) could carry out the 
5 processing of proBACE to BACE, the doubly-tagged [BACEf]fga^5 was transiently 
co-expressed in HK293 cells with an array of PC-inhibitors including: al-PDX 
(8,21); the pre-prosegments of fiirin, PC7 (24), PCS (25), and SKI-1 (27); and the 
wild type (a2M) and fitrin-inhibiting mutant (a2M-F) forms of a2-macroglubulin 
(28). In addition, mutant forms of BACE were prepared in which the PC-consensus 

10 cleavage site Arg residues in the prosegment w^e replaced by Ala at positions 42 or 
45 (R.42A or R45A, respectively). The transfected cells were pulse-labeled for 20 min 
with [^^S]Met and then chased for 90 min without label. Following 
immunoprecipitation of the cell lysates with a FG antibody, the material was analysed 
by SDS-PAGE. When BACE was co-expressed with either al-PDX, proFur, proPCS 

15 or a2M-F, the quantity of the 72 kDa proBACE (pBACEo, Golgi form) was elevated 
(Fig. 2A). Similar results were seen for both the R42A or R45A prosegment cleavage 
site mutants. In contrast, the 72 kDa proBACE was barely detectable in the control, 
proPC7, proSKI-1 or a2M co-expressioris. Parallel control experiments (not shown) 
verified that the prosegments of PC7 (24) and SKI-1 (27) were able to inhibit 

20 processing of appropriate substrates by their cognate enzymes. Theses data strongly 
support the hypothesis lhat a PC-like enzyme may be involved in the processing of 
proBACE into BACE. The prosegment results implicate furin and PCS as likely PC 
candidates, whereas PC7 and SKI-1 appear imlikely to mediate this process. The 
finding that the Arg residues at the predicted canonical R42-X-X-R45'^ site are 

25 essential for proBACE processing is also consistent with the reported cleavage 
specificities of fuxin and PC5 (7). 

In order to better define the region of the Golgi where proBACE processing 
occurs, [BACEf]fga^5 was co-expressed in HK293 cellswith either finin or al-PDX 
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and then labeled the ceUs for 2h with Na2r SO4]. SDS-PAGE analyses of the FG or 
V5-immunoprecipitates are shown in Fig. 2B. Using the FG-antibody, it was observed 
that proBACE is weakly sulfated (CTL). In the presence of al-PDX, the intensity of 
the 72 kDa [^^S04]-proBACE (pBACEo) was greatly enhanced. The V5- 
5 immunoprecipitates clearly demonstrated that BACE is sulfated, and further revealed 
that fbrin digestion appears to lower the average apparent mass of sulfated BACE 
from 72 (pBACEo) to 68 kDa (BACEg). Finally, the data suggest that processing of 
proBACE by a PC-like enzyme into BACE occurs at the TGN or in a subsequent 
compartment. Not only are sulfotransferases located in this region of the secretory 
10 pathway (32,33) but, with the exception of PC5-B (34), all other PCs become active 



only at or beyond the TGN (7), which is also a major site where al-PDX acts (21). 

The next set of experiments were devised to detemiine whether PCs could 
process proBACE in vitro: In preliminary work, testing was conducted to find which 

15 of the PCs expected to be active in the constitutive secretory pathway could correctly 
cleave a peptide (proBACE 38-54) spanning the N-terminal furin-concensus site. The 
best processing rates were observed with furin and PC5 {not shown), followed 
distantly by PACE4. PC? could barely cleave this sequence, even wheii a 10-fold 
excess (as; assessed by pERTKR-MCA hydrolysis) of activity was employed. At the 

20 same time, no detectable cleavage of this peptide was observed by either crude or 
partially purified soluble BACE [BACEs]v5 Q^ot shown), lending further support to 
the view that the BACE does not autocatalytically remove its own propeptide. The 
PC-mediated processing of a doubly tagged soluble (S) form of proBACE 
[BACEs]fga^5 expressed in HK293 cells was examined next. Western blots of the 

25 secreted enzyme probed by the FG antibody revealed that some of the enzyme was 
still in the fomi of proB ACEs. The concentrated medium of HK293 cells was thus 
used as a source of proBACEs. Aliquots of this medium (equalized by then: V5 
immunoreactivities) were incubated with equivalent hydrolytic activities (estimated 
using the fluorogenic substrate pERTKR-MCA) of partially purified furin, PC5, 
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PACE4 and PC7 for 1-4 hours. The digestion products were then run on SDS-PAGE 
and revealed by western blotting using either the FG or V5 antibodies. The data 
demonstrated that furin could completely process proBACE into BACE within 2h, 
which was superior to the abilities of PCS and PACE4 to carry out this cleavage (Fig. 
5 3). In contrast, PC7 is barely, if at all, able to perform this reaction. As further 
confinnation of the identity of the enzyme(s) carrying out this conversion, we treated 
the 4h proBACE digestion reaction with 1 jjM purified PC prosegments (pPCs) 
produced in bacteria as previously reported (24). Correspondingly^ the pPCs of furin, 
PCS and PACE4 inhibited proBACE processing. Finally, analysis of the R45A 

10 mutant (Fig. 3, rigjit-hand side) of proBACEs with both the V5 and FG epitopes 
indicated that none of the PCs tested could cleave this form, consistent with 
processing occurring at Arg45. Similar results were obtained using the R42A mutant 
{not shown). Finally, coexpression of [BACEf]fg in furin-deficient LoVo cells (35) 
with each of the above PCs or with the yeast PC homologue kexin revealed that furin, 

15 kexin and less so PCS could best mediate efficient intracellular processing of 
proBACE into BACE {not shown). 

Post-translational modifications of BACE and their effects on |5-secretase activity 
- In order to investigate the functions of the prosegment and the 

20 transmembrane/cytosolic tail of BACE, a series of mutants singly tagged at the C- 
terminus wifli a FG or V5 epitope were prepared. The fiurst constract was a truncated 
form of full length BACE in which the prosegment was removed (BACE-Ap). Ala 
mutants of three Cys residues located within the cytosolic tail of BACEip that are 
potential Cys-linked pahnitoylation sites (36) w^e also engineered. Accordingly, 

25 three single (Cys 478, 482 and 485) were made, as well as double (C482,485A) and 
triple (C478,482,485A) mutants. As previously, transiently transfected HK293 cells 
were pulse-labeled for 20 min with [^^S]Met followed by a chase of either 1 or 2h. 
SDS-PAGE analysis of the FG-immunoprecipitated products (Fig. 4A) revealed that, 
in coiitrast to the wild-type [B ACEf]fg> the truncated [BACE-Ap]fg remains mostly in 
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the ER, with only trace amounts reaching the TGN. This mutant also deinonstrated a 
high level of endoH sensitivity and a very low level of sulfation (jiot shown). 
However, N-terminal sequencing of [^H]Arg-labeled [BACE-Ap]fg revealed a major 
sequence with an Args, indicating that the signal peptide of this mutant was poorly 
5 cleaved {not shown). These data suggest that the majority of BACE-Ap remains in the 
ER, and only a small fraction reaches the TGN and is sulfated. This was further 
corroborated by immunocytochemical evidence showing that the majority of BACE- 
Ap immunoreactivity was concentrated in the ER (not shown). In contrast, BACEs 
passes rapidly through the secretory pathway, as evidenced by its accumulation in the 

10 medium after Ih of chase (Fig, 4A) and the relatively low amounts of proBACEs in 
the ER (endoH-sensitive, lower band in cells; not shown) after either 1 or 2h of chase; 
By transfecting [BACEsIfg into HK293 cells and feen labelling for 2h with 
Na2[^^S04], the intramolecular site(s) at which sulfation of BACE occurs could be 
examined. Equal aliquots of the FG-immunoprecipitated media were digested with 

15 endoH, endoF or aryl sulfatase (ASase). Only endoF removed the [^^SQJ-label (Fig. 
4B), demonstrating that sulfation occurred on one or more mature N-glycosylation 
sites (32), but not on tyrosine residues (33). 

Fig. 4C shows the results of SDS-PAGE analysis of FG-inmiunoreactive 
20 proteins following a 2h labeling with [^HJpalmitate of HK293 cells transiently 
overexpressing either BACEf, its cytosolic tail Cys-mutants, BACE-Ap or BACEs. 
Both BACEf (68 kDa) and the ER-concentrated preBACE-Ap (64 kDa) were 
pahnitoylated. When each of the three Cys residues was individually mutated, a 
significant decrease in the degree of palmitoylation (not shown) was observed. The 
25 double (C482,485A) mutant had < 30% as much pahnitoylation as the wdld type 
BACEf, whereas the triple mutant C478,482,485A was barely palmitoylated. The 
observation that each of the mutants was expressed to similar degrees based on their 
FG-immunoprecipitated reactivities following a 2h pulse-labeling with [^^S]Mefwas 
verified {not shown). These data demonstrate that palmitoylation can occur at all three 
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of the Cys (478, 482 and 485) residues within the cytosolic tail of BACEp, 
Predictably, soluble BACEs was not palmitoylated. The fact that the 64 kDa 
preBACE-Ap was palmitoylated, as opposed to the mature 68 kDa BACEp, suggests 
that this type of post-translational modification can begin at the level of the ER (36). 

5 

The enzymatic activity of [BACEf]fg was Grst tested in HK293 cells 
transfected with pAPPsw cDNA. Following a 3h pulse-labeling with [^^S]Met (Fig. 
5), the cells were exposed to either BFA, bafilomycin (an inhibitor of vesicular 
acidification) (37) or a 20°C incubation (which prevents most secretory proteins from 

10 leaving the TGN) (38). Fig. 5A shows that BFA and the 20°C incubation prevented 
FG-immunoprecipitated 66 kDa proBACE from escaping the ER and becoming either 
the 72 kDa proBACE or mature, endoH-resistant BACE (not shown), whereas 
bafilomycin exerted a retarding effect in the ER (compared to untreated cells). As 
shown in Fig. 5B, co-expression of wild-type BACEf and pAPPsw lead to the 

15 production of a membrane-bound -10 kDa intracellular product (C99) that was 
detected by a polyclonal antibody raised against the N-terminal 16 aa of A|3. This 
band was also observed using the Ap N-teraiinal-specific antibody FCA18 (23), 
confirming that this cleavage product began with the correct N-terminus of Ap 
(starting at the p-secretase cleavage site sequence DessAEFRHDS...) (SEQ ID 

20 NO :23) and likely ended at the C-terminus of PAPP, as reported previously (11,12), 
Unexpectedly, regardless of the relative levels of BACE and proBACE, PAPPsw was 
well processed in the ER. In other pulse and pulse-chase experiments it was observed 
. that the maximal amount of C99 product was generated by BACEp after a 20 min 
pulse, consistent with production of C99 in an early secretory compartment, hkely to 

25 be the ER. Finally, tests were conducted to determine whether BACEp may be 
transformed into a soluble shed-fonn. As shown in Fig. 5C, a small amount of -6 kDa 
form of FG-labeled BACEp but not FG-labeled BACEs could indeed be detected. This 
suggests that shedding of membrane-bound BACEp can occur to a small extent. 



<WO ^0210354Aa_L> 



wo 02/10354 PCT/CA01/OH18 

In the next set of experiments (Fig. 6), wild-type BACE and selected BACE 
mutants were co-expressed with pAPPsw. As shown in Fig. 6A, C99 production was 
evident in cells co-expressing wild type BACEp and pAPPsw following pulse-labeling 
for 4h with [^^S]Met Unexpectedly, the same band, although less intense, was also 
5 obtained with the mutants [BACEf-R45 A] and BACEp-Ap (Fig. 6A), as well as with 
the [BACEf-R42A], [BACEf-C482,485A] and [BACEf-C478,482,485A] mutants 
(not shown)y indicating that all of these isoforms have at least some activity. The 
absence of C99 production by the active site mutant [BACEf-D93A] confirms that 
these activities actually correspond to BACE and its mutant forms (Fig. 6 A). Notably, 
10 the soluble form of BACEs produced much less C99 compared to any of the other 
active fomis analysed, even though similar amounts of immunoreactive BACE were 
expressed (not shown). 

Next, the secreted pAPP cleavage products were analysed using a polyclonal 
15 antibody developed against Ap4o as well as the antibody FCA3340 (not shown) 
recognizing the C-terminus of AP40 (23). Both antisera recognize AP40 (generated by 
the P- and y-secretases) and Apx^o (e.g., APimo generated by overexpressed P- 
secretase; see ref 1 1). Amazingly, BACEs and, to a lesser extent, BACE-Ap were by 
far the forms of p-secretase that ultimately lead to the formation of the most 
20 amyloidogenic Ap peptide (Fig, 6B). Overexpression of either BACEp or BACBr45a 
(as well as the Cys-mutants [BACEf-C482,485A] and [BACEf-C478,482,485A], not 
shown) resulted in an elevation of the level of the non-amyloidogenic APx-40 product 
(possibly Apn^o, see ref II) with no significant change in that of Ap4o- Again, as 
expected, [BACEf-D93A] was inactive. 

25 

When the levels of secreted APPs generated by a-secretase were analysed 
using the same 1-16 Ap antibody, an inverse relationship between the levels of C99 
and those of secreted APPs was noticed. BACEf^ [BACEf-R45A3^ BACEp-Ap 
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generated higher amomts of the non-ainyloidogenic C99 and Apx-40 along with lower 
levels of secreted APPs, whereas control cells or cells overexpressing the inactive 
[BACEf-D93A] mutant secreted much more pronounced APPs levels (Fig. 6C). 
These data provide evidence that the APPs measured with the 1-16 Ap antibody is 
5 probably APPsa resulting from cleavage of pAPP by a-secretase either at the TGN or 
at the cell surface (5,39). In comparison, otiier data (Fig. 5) showed that 
overexpressed BACE or its mutants process pAPPsw in an earlier compartment such 
as the BR and thus precede the action of a-secretase. interestingly, overexpression of 
wild-type mouse PSl (not shown) resulted in higher levels of either cellular C99 or 
10 secreted Ap and APPs products, suggesting that in HK293 cells wild-type PSl 
increases the exposxire of pAPPsw to its cognate P-, a- and y-secretases, yet does not 
seem to specifically increase the y-secretase activity (40), 

In order to further examine the possibility that proBACE has p-secretase 
15 activity, digestion analyses of a synthetic peptide substrate 
(KTEEISEVNLiDAEFRHDSGY) (SEQ ID NO :14) encompassing the pAPPsw P- 
secretase cleavage site were carried out in vitj'o using concentrated media of HK293 
cells that overexpressed BACEs- In four s^arate experiments, pre-incubation of 
BACEs-containing media with furin produced a significant increase, 50 ± 3%, in the 
20 level of BACE activity. In contrast, no activation of the [BACEs-R45 A] mutant by 
fiirin was found. Concomitant Western blotting (Fig. 3) confirmed that furin had 
removed the FG epitope firom the prosegment of the wild-type but not the [BACEs- 
R45A] mutant When proBACE was affinity-purified using an anti-FLAG Ml- 
agarose column, the resulting material had no detectable activi^ unless first pre- 
25 incubated with forin. These data imply fliat removal of the prosegment firom 
proBACE significantly enhances the activity of this enzyme. ThuSj tests were 
conducted to see whether a synthetic peptide representing the fiilHength prosegment 
(proBACE 22-45) would function as an inhibitor. When pre-incubated with active 
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BACE, 20 foM of this peptide resulted in only a -20% inhibition of the Swedish 
peptide substrate (at 10 ^M) cleavage. 

C-terminal processing of BACE - In order to further characterize the nature of 
5 apparent C-tenninal cleaved BACE fragments (Fig. 5C), the analysis of [BACEf]fg 
fragments immunoprecipitated with antiserum to Flag from HK293 cells were 
repeated. In addition to the 6 kDa fragment noted in Fig. 5C, fragments of 34, 15, and 
11 kDa are apparent (Fig. 7). Significantly, the 34 and 15 kDa bands disappear under 
non-reducing conditions indicating tliat they are disulfide linked. In addition, the 

10 intensity of the 11 and 6 kDa bands appear to diminish. It was expected that some of 
these BACE fragments would be disulfide linked, since it is known that the six Cys 
residues in the ectodomain form three intramolecular disulfide linkages (Cys - 
Cys'^^^ Cys^^®-Cys^^ Cys^^^-Cys^^^ (41). The 34, 15, 11 and 6 kDa BACE fragments 
are also apparent when [BACEf]fg is ejqpressed in Neuro 2a cells (Fig. 8). The 

15 relative levels of the llkDa fragment compared to the other cleaved fragments of 
BACE appear lower in Neuro 2a compared to HK293 cells. In any case, the sites of 
ectodomain cleavage are apparently the sanie in the two cell types. Clearly, y- 
secretase activity is not responsible for the formation of the 34, 15 and 11 kDa BACE 
fragments, since under conditions in which a y-secretase substrate-based difluoro 

20 ketone inhibitor (46) completely inhibits Ap formation (Panels C and D) and elevates 
cellular C99 levels (Panel B), the levels of BACE Segments are largely unchanged 
^anel A). The significance of an apparent reduction in the level of the 6 kDa BACE 
fragment is unknown. 

25 With an antiserum that recognizes a region of BACE (amino acids 186-203) 

that is N-terminal to both any disulfide-linked cysteines and the observed 15, 11, and 
6 kDa apparent C-terminal fragments (based on size), the presence of BACE shed 
from BACEf into the media could be detected (Fig. 9). Shed BACE appears to be 
smaller than BACEs (truncated at Thr454 at the lumen/extracellular border of the TM 
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region) secreted into the media. It is noteworthy that shed BACE is larger than the 
major cellular form of BACE (pBACEer) due to post-translational modification. In 
cells, the 34 and 15 kDa truncated forms of BACE are immunoprecipated with this 
terminal antiserum as observed with the antiserum to the C-temiinal flag. This result 
5 is consistent with the observation that the 34 and 15 kDa fragments of BACE are 
disulfide-Knked (Fig. 7). 

Cleavage site determination - The location of the sites of proteolytic cleavage to 
generate the 34j 15, 1 1 and 6 kDa fragments of BACE were determined by N-terminal 

10 radiosequencing of ^^S-Met and ^H-Phenylalanine labeled SDS-PAGE purified 
material. N-terminal sequence analysis of the 15 kDa BACE fragment indicated the 
presence of nqietfaione in positions 15 and 20, and phenylalanine in position 4 (Fig. 
10). Therefore, the 15kDa C-tenninal BACE fragment starts at Cyssgo that likely 
results from proteolytic cleavage of BACE after Aspsfp. The. 34 kDa radiosequence 

15 indicates the presence of phenylalanine in position 15, which is consistent with this 
fragment being the N-terminus of BACE cleaved at Aspsvp (SQDD>i<) (SEQ ID 
NO :24) with its prosegment removed by fitrin cleavage. 

N-temiinal sequence analysis of the 11 kDa fragment (Fig. 1 1) indicated the 
20 presence of phenylalanine in position 8 and the absence of methione. The sequence 
and the size of the fragment are consistent with cleavage of BACE after Asp407 
(WFDi) (SEQ ID NO :25). Interestingly, sequence analysis of the 6 kDa fragment 
indicated the presence of phenylalanine in position 8. Therefore, this fragment residts 
from C-terminal cleavage of the 1 1 kDa fragment perhaps at more C-tenninal Asp, 
25 likely after Asp45i (PQTD>1^) (SEQ ID NO :26), in the BACE ectodomain. 
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DISCUSSION 

The discovery of a imique type-I membrane-bound B ACE has provided a new 
perspective in the understanding of P-secretases (11-15). RecOTt data on Qie tissae 
5 expression of BACE in mouse and human brain (10) indicate that it cb-localizes with 
PAPP and AD AMI 0 in the cortex and hippocamptis of adult mice and in the cortex of 
human presenile patients. Fmthermore, the distribution of either BACE2 or AD AMI 7 
wore not compatible with them being candidate brain p- or a-secretases, respectively. 

10 The focus of the present work was on BACE, the more plausible p-secretase, 

ia order to define some of its molecular and ceHular trafficking properties. It was . first 
shown that in 15X293 cells BACE is synthesized as proBACE in the ER and liieri 
moves to the TGN where it rapidly looses its prosegmoat due to cleavage by an al- 
PDX inhibitable convertase(s). Next, it was shown that, aside fi-om al-PDX and the 

15 furin-site mutated a2-macroglobulin, other inhibitors such as the prqprosegments of 
furin and PCS can also inhibit proBACE processing. This cleavage occurs at the 
sequence R42LPR454^ of proBACE sulfated at one or more of its carbohydrate 
moieties. Since sulfation of sugars occurs in the TGN (32) and PCs, except perhaps 
PC5-B (34), are active only in this compartment or beyond, these were taken as 

20 indications that processing of proBACE to BACE occurs in the TGN or in post TGN- 
) vesicles. In vitro digestion of proBACE (Fig. 3) and ex vivo co-expression of BACE 

and the PCs in the furin-negative LoVo cells (not shown) demonstrated that zymogen 
processing was best performed by furin, and less so by PCS. 

25 Next, the data generated showed that full length BACEp is pahnitoylated at the 

cytosolic tail cysteines 478, 482 and 485 and that a soluble form of BACEs is not 
(Fig. 4C), Interestingly, BACEs seems to be rapidly secreted from and does not 
accumulate within the cell, suggesting that the cjrtosolic segment of BACEf must 
contain determinants that control cellular trafficking rates and destination. One such 
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element could be Cys-palmitoylation, since pulse-chase experiments demonstrated 
that the triple mutation C478,482,485A results in slowing down exit of proBACE 
from the ER {jiot shown). HowevCT, immunocytochemical analysis of the localization 
of [BACEfIfg and [BACEf-C478,482,485A]fg failed to reveal gross differences in 
5 their cellular distribution {jiot shown). Although the role of palmitoylation of BACE, 
which begins in the ER, remains to be elucidated, this modification may provide a 
second anchor to the plasma membrane, tibois directing the protein to discrete 
membrane microdomains or remodeling the structure of its cytoplasmic region (36). 

Mutagenizing either of the arginines found to be critical for the prosegment 
removal, i.e., R42A or R45A, did not result in significant alteration of the trafficking 
rate of proBACE to the TGN, as estimated by pulse-chase (Fig. 2A) and sulfation rate 
analyses. At around tiie same time as the present results were coming to light, two in 
press reports on the biosynthesis of BACE reported similar observations (41,42). In 
the report by Capell et al regarding the prosegment removal of human BACE (42), 
their data, like the present results, also revealed that such processing occurs in the 
TON and that BACEs trafficks more rapidly than BACEp towards the TGN. The data 
differ from theirs, which suggests that the R45A mutant of himian BACE does not 
exit the ER. The triplicate pulse-chase data (Fig. 2A) clearly demonstrate that the exit 
of both proBACEp and proBACEF-R45A (or R42A) to the TGN is slow but does in 
fact occur to a similar extent for both forms. 

An interesting observation was made when the rate of exit of proBACE from 
the ER was analysed at 20°C, a temperature which normally blocks the budding of 
25 TGN vesicles, but which should not prevent movement from the ER to the TGN (38). ' 
Amazingly, at 20°C proBACE caimot exit the ER, as is the case with BFA and, much 
less so, bafilomycin treatments (Fi%. 5A). Tliis is renmiescent of the observation that 
ap integrins do not exit the ER at 20° C because of their inablity to heterodimerize 
(43). Whether this means that BACE is part of a larger complex, such as the one 
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involving presenilins/y-secretase (44), is not yet clear. It was previously reported that 
the production of AP40 and AP42 was abrogated at lO^'C (17). The present data show 
that proBACE can process pAPPsw into C99 in the ER (Fig. 5B), suggesting that 
secretase activity could be the limiting factor at 20°C. Even though the holoenzymes 

'5 BACE and proBACE (not shown) exhibit an in viWo pH optimum of 4.5 for cleavage 
of synthetic peptides mimicking the P-site (11,12,15), the present data is strongly 
suggestive of the presence of active BACE within the neutral pH environment of the 
ER (Fig. 5B). The in vitro data further showed that removal of the prosegement by 
. furin maximizes the activity of BACE. The combined observations that the active-site 

10 mutant [BACEf-D93A] can lose its prosegment (not shown), that BACE did not 
cleave the PC-cleavage site spaaxning peptide ( aa 39-58 of BACE), and that PCs such 
as furin and PC5 can remove the prosegment of BACE in vitro and ex vivo support the 
notion that BACE does not autoactivate, but likely requires a furin-like enzyme for 
zymogen activation. Alternatively, tihe possibility that there are other enzymes or 

15 proteins that can interact with proBACE and activate it by cleavage or dislocation of 
its prosegment cannot be ruled out. Indeed, experiments using affinity-purified BACE 
indicated that furin-treated BACE is much more active than proBACE. The finding . 
that the BACE zymogen is apparently active is reminescent of observations regarding 
the processing of the relatively inactive prorenin to renin by PC5 (45). Modeling of 

20 mouse proBACE based on the structure of a close homologue human proGastricsin 
suggested that the prosegment acts as a flap covering the active site of BACE and that 
the furin-processing site R42-X-X-R45>l^ is quite accessible to cleavage (not shown). 

In an effort to define the importance of cellular trafiBcking on the production 
25 of C99 and Ap, the ability of various engineered forms of BACE to process pAPPsw 
and ultimately to generate amyloidogenic peptides was compared. Surprisingly, 
overexpression of the soluble form of BACEs results in a very significant increase in 
the levels of secreted Ap (Fig. 6B). This experiment, which was repeated 4 times, 
suggests that the rapid trafficking of the soluble form through the TGN and at the cell 
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surface may favor the production of C99 in a microcompartment close to where y- 
secretase is active. An exciting extension of this model would be that the 
amyloidogenic potential of BACE is enhanced by B ACE C-terminal processing by 
BACE secretase / sheddase. In both IIK293 and Neuro2a cells 34, 15, 1 1 and 6 kDa 
5 BACE fragments (Figs. 7 and 8) and BACE shed into the media (Fig. 9) as the result 
of BACE secretase / sheddase activity were detected. Finally, overexpression of the 
active site mutant [BACEf-D93A] in N2a cells stably overexpressing pAPPgw (17) did 
not affect the generation of either C99 or Ap by endogenous secretases (not shown)^ 
suggesting that this mutant cannot act as a dominant negative, as was the case for the 
10 active site mutant of the candidate a-secretase ADAM 10 (5). 

Thus, the results reported above reveal that BACE can process PAPPsw in the 
ER and that furin or PCS process the zymogen in the TON, possibly in order to 
maximize its activity in acidic cellular compartments. BACE undergoes a niraiber of 
15 other post translational modifications such as carbohydrate sulfation and cytosolic tail 
Cys-palmitoylation which may finely regulate its rate of trafficking and cellular 
destination(s). The in vivo physiological fimction of BACE reniains to be elucidated 
as well as the possibility that this enzyme may be part of a larger complex with other 
proteins, including the other secretases involved in the processing of pAPP. 

20 

BACE Secretase / Sheddase Activity - In addition to the data reported above, a 
novel proteolj^c activity that cleaves the ectodomain (juxtamembrane region on the 
lumen / extracellular side) of BACE after Asp379 (SQDDJ.) (SEQ ID NO :24) and 
Asp407 (WFD4<) (SEQ ID NO :25), and likely after Asp45i(PQTDi) (SEQ ID 
25 NO :26) has been identified (Figs. 10 and 11). This activity has been identified as 
BACE secretase / sheddase. The shed form of BACE (Fig.9) most likely results fi-om 
cleavage after Asp45i(PQTD4<), since it is the only juxtamembrane Asp C-terminal to 
Cys443 that is reported to be linked via a disulfide to Cys278 (41). The data indicate that 
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the 15 kDa ASP379 cleavage product, and to some extent the 11 kDa Asp407 cleavage 
product, are disulfide linked (Fig. 7), 

A diverse set of transmembrane proteins are known to undergo proteolysis in 
5 their juxtamembrane regions leading to the release of their extracellular domains into 
the surrounding milieu (reviewed in 47-49). This process, which has been termed 
ectodomain shedding, affects a wide variety of proteins, including cytokines, growth 
factors and their receptors, and adhesion molecules. The unusual PI Asp-ase activity 
of BACE secretase / sheddase has not been observed in other cases of ectodomain 
10 shedding. 

Based on inhibitor studies, ectodomain shedding is predominantly mediated by 
metalloproteases. Specifically, several mCTCibers of the ADAM family of 
metalloproteases (a ^sintegrin and metalloprotease) have been implicated as 

15 ectodomain sheddases (reviewed in 50,51). For example, Kuzbanian (Kuz, ADAM 
10) can cleave the Notch ligand Delta and has been shown to have AP? a-secretase 
activity (5). In addition to the ADAM proteases, at least one naatrix metalloprotease, 
MMP-7 (matrilysin) has a fimctionally relevant role in shedding (52,53). A recent 
report, suggests that the metalloproteases Meprin A and B can fiinction as sheddases 

20 (54). The metalloprotease inhibitors GM6001 (Chemicon Intemational) and TAPI-1 
(Peptides Intemational) did not inhibit BACE secretase / sheddase activity in Neuro 
2a cells. In a few cases, serine proteases such as proteinase 3 (55) and a putative 
chymotrypsin-like protease (56) appear to be the enzymes responsible for ectodomain 
shedding. 

25 

The distance of cleavage in BACE firom the membrane by BACE secretase / 
sheddase varies fi-om 5, 48 to 76 amino acids for cleavage after Asp45i(PQTD4') (SEQ 
ID NQ :26), Asp407 and ASP379 (SQDD4) (SEQ ID NO :24) respectively. In other 
cases of ectodomain shedding, this distance varies with the substrate and protease 
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class ranging from intramembranous to 93 amino acids, with the majority of 
ectodomain shedding resulting from cleavage between 12 to 24 amino acids from the 
membrane (reviewed in 48). 

5 Ectodomain shedding may occur in an intracellular compartment. For 

example, ADAM-mediated ectodomain shedding by at least two family members, 
tumor necrosis factor cc convertase (TACE) and ADAM 10 may occur in an 
intracellular compartment in addition to the cell surface (5,57). Intracellular 
ectodomain shedding may occur by a process recently called Regulated 

10 intramembrane proteolysis (Rip)(57), Rip has been shown to occur during the 
processing of mammalian proteins (e.g. SREBP, Notch, Irel and ATF6), For 
example, SREBP cleavage occurs at a leucine / cysteine bond, three residues into the 
hydrophobic / transmembrane segnient (58,59). Another example of REP, is the 
aspartyl protease inhibitor dependent y-secretase cleavage of APP by a protein 

15 complex containing presenilin 1 and presenilin 2(60). This apparent intramembranous 
cleavage of the AP40-41 and Ap42-43 peptide bonds within C99 and C83 generates 
AP40 and Ap42 and p3-40 and p3-42 (reviewed m 61). Clearly, y-secretase differs 
from BACE secretase / sheddase since a substrate-based difluoro ketone inhibitor 
does not inhibit the later (Fig. 8). 

20 

The unusual PI Asp-ase activity of BACE secretase / sheddase is similar to 
that rqjorted for members of the caspase (cysteinyl-directed aspartate-specific 
protease) family and the T-lymphocyte serine protease granzyme B (reviewed in 62- 
64). However, these enzymes cleave their substrates in the cytoplasm or on the 
25 cytoplasmic side of organelles. For example, caspase- 12 associated with the ER and 
caspase 2 associated with Golgi cleave substrates on the cytoplasmic surface (65,66). 
Granzyme B, although secreted from cytotoxic secretory granules, cleave pro- 
caspases and other substrates in the cytoplasm of target cells (64). The nonselective 
pancaspase inhibitor Z-Val-Ala-Asp(OMe)-CH2F (Calbiochemi) at 100 uM, a 
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concentration which inhibits the majority of caspases (67), had no effect on the 
B ACE secretase / sheddase activity in Neuro 2a cells. 



5 Although the present invention has been described hereinabove by way of 

preferred embodiments thereof, it can be modified without departing j5x)m the spirit 
and nature of the subject invention as defined in the appended claims. 
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WHAT IS CLAIMED IS ; 

1 . A method of modulating the activity of B ACE secretase / sheddase comprising 
the administration of an agent selected from the group consisting of: 

5 an antisense nucleotide that hybridizes with BACE secretase / 

sheddase mKNA and blocks the translation of that mRNA, a ribozyme 
tiiat specifically targets and degrades BACE secretase / sheddase 
mRNA, a peptide that interferes with ttie binding of BACE secretase / 
sheddase with BACE, an antibody that functions as an inhibitor of 
10 BACE secretase / sheddase activation, an antagonist that functions as 

an inhibitor of BACE secretase / sheddase activation, an agonist that 
functions as an activator of BACE secretase / sheddase. 

2. A method as defined in claim 1, wherein said modulation consists in tiie 
15 inhibition of BACE secretase / sheddase to prevent cleavage of BACE. 

3. A method as defined in claim 2, wherein said agent is an Asp-ase inhibitor. 

4. Use of an inhibitor of BACE secretase / sheddase in the making of a 
20 medication for preventing cleavage of BACE. 

5. A use as defined in claim 4, wherein said inhibitor is selected Scorn the group 
consisting of : 

an antisense nucleotide that hybridizes with BACE secretase / 
sheddase mKNA and blocks the translation of that mRNA, a ribozyme 
25 that specifically targets and degrades BACE secretase / sheddase 

mRNA, a peptide that interferes with the binding of BACE secretase / 
sheddase with BACE, an antibody that functions as an inhibitor of 
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BACE secretase / sheddase activation, and an antagonist that functions 
as an inhibitor of BACE secretase / sheddase activation. 

6. A use as defined in claim 5, wherein said inhibitor is an Asp-ase inhibitor. 

7. A use as defined in claim 5 or 6 for the treatment of a neurodegenerative 
disorder that is characterized by the generation of Ap protein. 



8. A use as defined in claim 7, wherein said neurodegenerative disorder is 
10 Alzheimer's Disease. 

9. A method for Hie identification of an agmt that can alter the ability of BACE 
secretase / sheddase to associate with and process a known substrate, 
comprising : 

15 

in a reaction mixture, allowing said BACE secretase / sheddase to bind 
to said known substrate of said BACE secretase / sheddase in tibte 
presence of an agent to be tested; and 

20 measuring the production of BACE C-tenninal cleavage products, shed 

BACE or Ap in the presence of said agent to be tested, and comparing 
same under conditions when said agent to be tested is absent from the 
reaction mixture. 

25 10. A method as defined in claim 9, wherein said known substrate is BACE, 
BACE fi:agments, or the indirect substrate pAPP. 
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11. A method as defined in claim 10, wherein said known substrate is labeled with 
a detectable moiety; 

12. A method as defined in claim 11, wherein said detectable moiety is a 
5 radionncUde, an antibody or fluorescent label. 

13. A method as defined in any one of claims 9-12, which is automated. 

14. Use of a method as defined in claim 13 for high through-put screening of a 
10 number of agents. 

15. A method of determiuing whether an individual is at risk of developing a 
neurodegenerative disorder that is characterized by the generation of Ap 
protein, comprising : 

15 providing a tissue or fluid sample firom said individual; and 

determining whether the level of B ACE C-terminal cleavage products, 
shed B ACE or AP in said sample is higher than the level in a sample of 
a healthy subject, as an indication that the individual is at risk of 
developing a neurodegenerative disorder that is characterized by the 

20 generation of Ap protein. 

16, A method as defined in claim 15, wherein said tissue or fluid sample is 
cerebrospinal fluid (CSF) or blood platelets. 

25 ' 17. A method as defined in claim 15 or 16, wherein said nexurodegenerative 
disorder is Alzheimer's Disease. 
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18. A kit comprising a contains or containers comprising BACE secretase 
/ sheddase and at least one substrate selected from the group consisting 
of BACE, BACE fragments, or the indirect substrate PAPP. 
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